SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a method for manufacturing 
semiconductor devices, and more particularly to a semiconductor 
device manufacturing method which addresses the need for further 
miniaturization of interconnection patterns. 

(b) Description of the Prior Art 

In response to an increasing need for further miniaturization 
and integration of semiconductor devices, formation of an 
embedded interconnection structure by using a dual damascene 
technique is now attracting attention. Also, in order to reduce 
signal transmission delays caused by the finer interconnections, it is 
proposed to adopt an interconnection structure including a low- 
permittivity layer ("low-K layer") as the interlevel dielectric film, 
together with the formation of the embedded interconnection 
structure. 

Conventionally, two methods are proposed and implemented 
for using the low-K layer as the interlevel dielectric film and 
forming the embedded interconnection structure based on the dual 
damascene technique. 
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First Conventional Method 

Referring to Figs. 1A to 1A to 1H, a conventional method 
(hereinafter referred to as "the first conventional method") for the 
formation of the low-K layer as the interlevel dielectric film and the 
5 embedded interconnection structure based on the dual damascene 
technique will be described. These figures are sectional views 
consecutively illustrating the respective steps of the process for 
formation of the embedded interconnection structure by using the 
first conventional method. 
10 In the first conventional method, through-holes are first 

formed, and then an interconnection trench structure for receiving 
therein upper-level interconnections is formed, as will be described 
hereinafter. 

First, as shown in Fig. 1A, a P-type SiN film (referred to as 
is P-SiN film hereinafter) 14 having a film thickness of 50nm is 
formed by- a plasma CVD method as an anti-diffusion layer for 
suppressing diffusion of Cu atoms in a Cu layer 12 formed as lower- 
level interconnections. A low-K layer 16 having a film thickness 
of 700nm is then formed as an interlevel dielectric film. A P-Si0 2 
20 film 18 having a film thickness of lOOnm is further formed thereon 
by a plasma CVD method. 

Thereafter, as shown in Fig. IB, a first anti-reflection coat 
(first ARC film) 20 having a film thickness of lOOnm is formed on 
the P-Si0 2 film 18. A photoresist film having a film thickness of 
25 600nm is formed on the first ARC film 20 by coating, followed by 
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selectively etching thereof to form an etching mask 22 having a 
through-hole pattern. 

Then, the first ARC film 20 and the P-Si0 2 film 18 are 
selectively etched by a dry-etching technique using the etching 
5 mask 22 and a fluorocarbon gas. Next, a mixture of nitrogen and 
hydrogen gases is used to remove the etching mask 22 of the 
photoresist, the first ARC film 20 below the etching mask 22, and 
part of the low-K film 16 where the P-Si0 2 film 18 is etched. By 
this etching, the etching mask 22 of the photoresist film and the first 

10 ARC film 20 are completely removed to form through-holes 24 
exposing P-SiN film 14 therethrough. 

Thereafter, as shown in Fig. ID, a second ARC film 26 is 
formed on the entire surface of the P-Si0 2 film 18 while 
simultaneously filling the through-holes 24. Then, a photoresist 

is film 28 is formed on the second ARC film 26 by coating. 

As shown in Fig. IE, the photoresist film 28 is then patterned, 
whereby an etching mask 30 having an interconnection pattern of 
the upper-level interconnections is formed. 

Then, the second ARC film 26 and the P-Si0 2 film 18 are 

20 subjected to selective etching using the etching mask 30 and a 

fluorocarbon gas as the etching gas, followed by selective etching of 
the low-K film 16. This etching allows the photoresist mask 30 
and the first ARC film 20 underlying the same to be completely 
removed, as shown in Figs. IF and 1G. 

25 Thereafter, the P-SiN layer 14 on the Cu layer 12 is etched, 
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thereby forming through-holes 32 for exposing therethrough the Cu 
layer 12, as shown in Fig. 1H. 

Then, a barrier metal layer not shown is formed on the inner 
wall of the through-holes 32 and the interconnection trenches 34 as 
5 well as on top of the P-Si0 2 film 18, and further a Cu layer is 
deposited thereon, thereby completely filling the through-holes 32 
and the interconnection trenches 34 with the Cu layer. 

After removing the Cu layer and the barrier metal layer on 
top of the P-SiO z film 18 by a CMP method, embedded upper-level 
10 interconnections connected to the lower-level Cu layer 12 via the 
through-holes32 can be formed. 

v Seco nd Con v en tional M eth o d 

, Referring to Figs. 2A to 21, another conventional method 
15 (hereinafter referred to as "second conventional method") for 

formation of the embedded interconnection structure based on the 
dual damascene method, v/hich uses the low-K layer as the 
interlevel dielectric film, will be described. These figures are 
sectional views of the respective steps of the process for forming the 
20 interconnections by using the second conventional method. 

In the second conventional method, the interconnection 
trenches are first formed and then the through-holes are formed, as 
will be described hereinafter. 

As shown in Fig. 2A, there are consecutively formed, on a Cu 
25 layer 36 formed as the lower-level interconnections, a P-SiN film 38 



having a film thickness of 50nm as the anti-diffusion film for the Cu 
atoms, a low-K layer 40 having a film thickness of 700nm as an 
interlevel dielectric film and a P-Si0 2 film 42 and P-SiN film 44, 
each having a film thickness of 50nm, as a hard mask film. 

Then, as shown in Fig. 2B, a 400-nm-thick photoresist film is 
formed on the P-SiN film 44 by coating, followed by selective 
etching thereof to form an etching mask 46 having an 
interconnection pattern of the upper-level interconnections. Prior 
to the formation of thephotoresist film, an ARC film may be 
formed. 

The etching mask 46 is used to etch the P-SiN film 44 as 
shown in Fig. 2C, thereby exposing part of the P-Si0 2 film 42. 
Trenches 47 are then formed which have the same width as the 
interconnections of the upper-level interconnection structure. 

Then, as shown in Fig. 2D, the P-SiN film 44 is exposed by 
removing the etching mask 46 by an 0 2 plasma ashing method. • 

As shown in 2E, a photoresist film is then formed by coating 
and patterned by etching, thereby forming an etching mask 48 
having a through-hole pattern. ^\ 

Referring to Figs. 2F, the P-Si0 2 film 42 is then etched to 
form through-holes 50 which expose part of the low-K layer 40. 

Next, the etching mask 48 is used to etch the low-K layer 40, 
thereby forming through-holes 52Afor exposing the P-SiN film 38. 
Subsequently, the etching mask of the photoresist film is removed at 
the same time with the low-K film, as shown in Fig. 2G. 
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The P-SiN film 44 is then used as the etching mask to etch 
the P-Si0 2 film 42 and the low-K layer 40, whereby interconnection 
trenches 54 for the upper-level interconnections are formed, as 
shown in Fig. 2H. 
5 Further, the low-K layer 40 is used as the etching mask to 

etch the P-SiN film 38, whereby through-holes 52 are formed which 
communicate to the interconnection trenches 54 and exposing part 
of the Cu layer 36, as shown in Fig. 21. 

Then, a barrier metal layer not shown is formed on the inner 
10 walls of the through-holes 52 and the interconnection trenches 54 as 
well as on top of the P-Si0 2 film 44. A further Cu layer is 
deposited, thereby forming a Cu layer having a sufficient thickness 
for filling the through-holes 52 and the interconnection trenches 54. 
After the Cu layer and the barrier metal layer on top of the P- 
15 Si0 2 film 44 are removed by a CMP method, embedded 

interconnections connected to lower-level Cu layer 36 through via 
plugs can be formed. 

The first and second conventional methods as described 
above have the following problems, however. 
20 In the case of the first conventional method, if the trench 

pattern formed for the upper-level interconnections is misaligned 
with respect to the through-hole pattern, the wafer has to be 
discarded, making it difficult to improve the product yield. 

More specifically, as shown in Fig. 3A, after the etching 
25 mask 30 is formed, the trench pattern of the etching mask 30 having 



the same pattern as the interconnection pattern for the upper-level 
interconnections may be misaligned with respect to the through-hole 
32A (the upper part of the through-hole 32). However, since the 
low-K layer is used as the interlevel dielectric film 16, once such a 
misalignment occurs between the interconnection (trench) pattern of 
the etching mask 30 and the through-hole pattern, it is extremely 
difficult to correct or reconstruct the misalignment of the etching 
mask 30, and the wafer having the chip area with the misalignment 
had to be discarded. 

This is because if the misaligned etching mask 30 is removed 
by using some technique such as 0 2 plasma ashing, the low-K layer 
16 is also etched, resulting in a cavity in the resultant interlevel 
dielectric film, such as shown in Fig. 3B. 

In the case of the second conventional method, on the other 
hand, if the position of the through-hole pattern of the etching mask 
48 is misaligned with respect to the trench 47 (with the same pattern 
and diameter as the interconnection trench 54) as shown in Fig. 4A, 
the diameter of hole 50 (with the same pattern and diameter as the 
through-hole 52) formed by etching the P-Si0 2 film 42 decreases. 

The reduced diameter of the through-hole 52 causes the 
through-hole 52 to be positioned towards one side of the 
interconnection trench 54. 

This adversely affects the coverage of a Ta layer 56 formed 
on the inner walls of the through-hole 52 as the barrier metal layer. 
Consequently, as shown in Fig. 4C, the film thickness of part of Ta 
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layer 56 will be significantly reduced, so that a void will appear 
upon embedding the through-hole 52 and the interconnection trench 
52 with a Gu layer 58, resulting in an increased contact resistance or 
even deficient conduction. 

Such problems caused by the interconnection trench pattern 
of the etching mask for the upper-level interconnections being 
misaligned with respect to the through-hole, as well as the through- 
hole pattern of the etching mask being misaligned with respect to 
the upper-level interconnection trench, are often associated with the 
finer interconnection pattern accompanied by a reduced alignment 
margin. 

Therefore, it is undesirable to discard the wafer every time 
such a misalignment occurs or to produce products that are 
eventually picked out for conduction errors from the point of view 
of product yield. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide a method 
of forming an embedded interconnection structure by using the dual 
damascene method at a higher product yield. 

The present invention provides a method for forming a multi- 
level interconnection structure in a semiconductor device, the 
method including the steps of: forming first level interconnections 
overlying a substrate; consecutively forming first and second 
dielectric films on the first level interconnections; consecutively 
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forming first through third hard mask films on the second dielectric 
film, the first through third hard mask films being insulating films 
and having different etching rates in an etching condition; 
selectively etching the second and third hard mask films to form a 
through-hole pattern on the second and third hard mask films; 
selectively etching the third hard mask film to form a trench pattern 
on the third hard mask film, the trench pattern partially overlapping 
the through-hole pattern; selectively etching the first hard mask film 
by using the second hard mask film as an etching mask to form the 
through-hole pattern on the first hard mask film; selectively etching 
the second dielectric film by using the first hard mask film as an 
etching mask to form first through-holes in the second dielectric 
film based on the through-hole pattern; selectively etching the first 
and second hard mask films and a top portion of the first dielectric 
film by using the third hard mask film as an etching mask to form 
trenches in the first and second hard mask films and the top portion 
of the second dielectric film based on the trench pattern; and 
selectively etching the first dielectric film to form therein second 
through-holes communicated with the respective first through-holes 
for exposing part of the first level interconnections through the first 
and second through-holes. 

In accordance with the method of the present invention, the 
first through third hard mask films can be used separately for 
etching different films. In this configuration, after the selective 
etching of the first and second hard mask films and a top portion of 
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the first dielectric film and when the second and third hard mask 
films are removed by ashing, for example, the first hard mask film 
protects the remaining portion of the second dielectric film even if 
there is a misalignment to some extent between the trench pattern 
5 and the through-hole pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A to 1H are sectional views of a semiconductor device, 
illustrating consecutive steps of the process for forming the 
10 interconnection structure by using a first conventional method; 

Figs. 2A to 21 are sectional views of a semiconductor device, 
illustrating consecutive steps of the process for forming the 
interconnection structure by using a second conventional method; 

Figs. 3A and 3B are schematic sectional views for illustrating 
is problems encountered when forming the embedded interconnection 
structure by using the first conventional method; 

Figs. 4A to 4C are schematic sectional views for illustrating 
problems encountered when forming the embedded interconnection 
structure by using the second conventional method; 
20 Figs. 5 A to 5L are sectional views of a semiconductor device, 

illustrating consecutive steps for the process of forming the 
interconnection structure according to a first embodiment of the 
present invention; 

Figs. 6A to 60 are sectional views of a semiconductor device, 
25 illustrating consecutive steps for the process of forming the 
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interconnection structure according to a second embodiment of the 
present invention; 

Figs. 7 A to 7N are sectional views of a semiconductor device, 
illustrating consecutive steps for the process of forming the 
5 interconnection structure according to a third embodiment of the 
present invention; 

DETAILED DESCRIPTION OFTHE PREFERRED 
EMBODIMENTS - 
10 Now, the present invention will be described by way of 

embodiments with reference to the attached drawings. 

Fi rst embodi m e nt 

A first embodiment, which is an example of the method of 
manufacturing semiconductor devices according to the present 

is invention, will be described with reference to Figs. 5A to 5L. 

These drawings show sectional views of a semiconductor device, 
illustrating consecutive steps of the process for forming the 
interconnection structure according to the first embodiment. 

In Fig. 5A, a P-SiC film 64 having a 50nm film thickness is 

20 first formed by a plasma CVD method on a Cu layer 62 formed as 
lower-level interconnections. Then, a low-permittivity layer 66 
(referred to as "low-K layer" hereinafter) having an 800nm film 
thickness is formed on the P-SiC film 64 as an interlevel dielectric 
film by a plasma CVD method. Further, a P-SiC film 68, a P-Si0 2 

25 film 70, and a P-SiN film 72, each having a 50nm film thickness, 
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are consecutively formed, also by using a plasma CVD method, 
whereby a triple hard mask structure is formed. 

The P-SiC film 64 .functions as an anti-diffusion film for 
suppressing diffusion of the Cu atoms in the Cu layer 62. In 
5 second and third embodiments to be described later, the function of 
the P-SiC film on the Cu layer of the lower-level interconnection is 
similar. As the low-K layer, an organic polymer such as SiLK 
(trade mark) from Dow Chemical Co. or PLARB (trade mark) from 
Honeywell Co. can be used. 

10 Next, as shown in Fig. 5B, a first anti-reflection film (referred 

to as "first ARC film" hereinafter) 74 having a film thickness of 
lOOnm is formed on the P-SiN film 72, followed by formation of a 
photoresist film having a film thickness of 400nm. Then, an 
etching mask 76 having a through-hole pattern is formed. The first 

15 ARC film is of the novorak resin type, for example. 

Thereafter, the etching mask 76 is used to etch the first ARC 
film 74, the P-SiN film 72 and the P-Si0 2 film 70 with a mixture of 
C 4 F 8 , CO, 0 2 and Ar gases as the etching gas, whereby first 
openings 78 having the same diameter as the via plugs to be formed 

20 therein are formed on the P-SiC film 68 for exposing the P-SiC film 

i 

68, as shown in Fig. 5C. 

Now referring to Fig. 5D, the etching mask 76 and the first 
ARC film 74 are removed by an 0 2 plasma ashing technique, 
thereby exposing the P-SiN film 72, as shown in Fig. 5D. 
25 As shown in Fig. 5E, a second ARC film 80 having a film 
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thickness of lOOnm is then deposited on the P-SiN film 72, while 
filling the openings 78, and further a photoresist film 82 having a 
film thickness of 400nm is formed on the second ARC film 80. 

The photoresist film 82 is then patterned to form an etching 

5 mask 82A having an interconnection trench pattern for the upper- 
level interconnections, as shown in Fig. 5F. This figure shows the 
interconnection trench pattern misaligned with respect to the 
through-hole pattern to some extent so as to illustrate the 
advantageous effect of,the inventive method. 

10 Thereafter, the second ARC film 80 and the P-SiN film 72 are 

etched as shown in Fig. 5G through the etching mask 82A and by a 
mixture of C 4 F S , CO, 0 2 and Ar gases as the etching gas. As a 
result, second openings 83 communicating with the first openings 
78 are formed on the P-Si0 2 film 70. 

15 The etching mask 82A is then removed by an 0 2 plasma 

ashing process, thereby exposing the P-SiN film 72, the second 
openings 83, and the first openings 78, as shown in Fig 5H. 

Next, referring to Fig. 51, the P-Si0 2 film 70 is used as the 
etching mask to etch the P-SiC film 68 while using a mixture of 

20 C 4 F 8 , CO, 0 2 and Ar gases as an etching gas, thereby exposing the 
low-K layer 66. Then, a mixture of N 2 and H 2 gases as the etching 
gas is used to etch the low-K layer 66, whereby third openings 84A 
are formed, which expose the P-SiC film 64 therethrough. 

Referring to Fig. 5J, the P-SiN film 72 is used as the etching 

25 mask, and by using a mixture of C 4 F 8 , CO, O, and Ar gases, the P- 
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Si0 2 film 70, the P-SiC film 68 and the low-K layer 66 are 
selectively etched to form interconnection trenches 86 for the upper- 
level interconnections. The etching is also effected to the P-SiC 
film 64 to thereby form through-holes 84 which expose the Cu layer 
5 62 as the lower-level interconnections. Thereafter, a wet peeling is 
conducted. 

Next, as shown in Fig. 5K, a Ta layer 88 having a film 
thickness of 50nm is formed as a barrier metal layer on the inner 
wall of the through-holes 84 and the interconnection trenches 86, as 

10 well as on top of the P-SiN film 72. Further, a Cu layer having a 
lOOnm film thickness is deposited by a Cu seed sputtering method, 
followed by deposition of another Cu layer having a film thickness 
of SOOnm by a plating method, whereby a total of 900-nm-thick Cu 
layer 90 is formed on the Ta film 88. 

15 The Cu layer 90 and subsequently the Ta layer 88 are then 

polished and removed by a CMP method using a colloidal silica 
slurry as a polishing material, whereby the P-SiN film 72 is exposed. 
Thereafter, upper-level interconnections 92 and via plugs 94 for 
connecting the upper-level interconnections 92 to the lower-level 

20 interconnections 62 are formed. 

Second embodime jul 

A second embodiment, which is another example of the 
method of manufacturing a semiconductor device according to the 
25 invention, will be described by referring to Figs. 6 A to 60, which 
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are sectional views illustrating consecutive steps of the process for 
forming the interconnection structure according to the second 
embodiment. 

In the present embodiment, an etch stop layer for the 
5 formation of the interconnection trenches is included in the low-K 
laver. 

First, as shown in Fig. 6A, on a Cu layer 102 formed as a 
lower-level interconnections, there are formed consecutively a P- 
SiC film 104 having a film thickness of 50nm, a first low-K layer 

10 106 having a 300nm film thickness as a first interlevel dielectric 
film, a P-Si0 2 film 108 having a 50nm film thickness, and a low-K 
layer 110 having a film thickness of 300nm as a second interlevel 
dielectric film by a plasma CVD method. Further, a P-SiC film 
112, a P-Si0 2 film 114, and a P-SiN film 116, each having a 50nm 

15 film thickness, are consecutively formed by a plasma CVD method, 
thereby forming a triple hard mask. In the present embodiment, 
the second low-K layer 108 is made of the material same as the 
material for the first low-K layer 106, so that it uses an organic 
polymer such as SiLK from Dow Chemical Co., for example, the 

20 P-Si0 2 film 108 functions as an etch stop layer during the formation 
of the interconnection trenches. 

Next, as shown in Fig. 6B, a first ARC film 118 is formed on 
the P-SiN film 116, followed by coating the first AUC film 118 with 
a photoresist film having a 400nm film thickness and etching the 

25 photoresist film to form an etching mask 120 having a through-hole 
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pattern. 

The etching mask 120 is used to etch the first ARC film 118, 
the P-SiN film 116 and the P-Si0 2 film 114 with the use of a 
mixture of C 4 F 8 , CO, 0 2 , and Ar gases as the etching gas, as shown 
5 in Fig. 6C, whereby first openings 122 with the same diameter as 
the through-holes are formed on the P-SiC film 112, exposing the P- 
SiCfilm 112 therethrough. 

Then, an 0 2 plasma ashing process is used to remove the 
etching mask 120 and the first ARC film 118, as shown in Fig. 6D, 
10 thereby exposing the P-SiN film 116. 

Thereafter, as shown in Fig. 6E, a second ARC film 124 
having a film thickness of lOOnm is formed on the P-SiN film 116 
while filling the openings 122, and further a photoresist film 126 
having a film thickness of 400nm is formed on the second ARC film 
is 124. 

The photoresist film 126 is patterned to form an etching mask 
126A having the interconnection trench pattern for the upper-level 
interconnections, as shown in Fig. 6F. This figure shows the 
interconnection trench pattern misaligned with respect to the 
20 through-hole pattern to some extent, to illustrate the advantageous 
effect of the present invention. 

The etching mask 126A is used to etch the second ARC film 
124 and the P-SiN film 116 while using a mixture of C 4 F 8 , CO, 0 2 
and Ar gases as the etching gas, as shown in Fig. 6G, whereby 
25 second openings 127 communicating with the first openings 122 are 
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formed on the P-Si0 2 film 114. 

Then, the etching mask 126Ais removed by an 0 2 plasma 
ashing process, thereby exposing the P-SiN film 11.6, as shown in 
Fig. 6H. 

5 Thereafter, as shown in Fig. 61, the P-SiC film 112 is etched 

by using the P-Si0 2 film 114 as an etching mask and a mixture of 
C 4 F 8 , CO, 0 2 and Ar gases as an etching gas, thereby exposing the 
second low-K layer 110. Further, a mixture of N 2 and H 2 gases is 
used as an etching gas to selectively etch the second low-K layer 

10 110, whereby holes 128 are formed which expose the P-Si0 2 film 
108 therethrough. 

Now referring to Fig. 6J, the P-Si0 2 film 114 is selectively 
etched by using the P-SiN film 116 as an etching mask and a 
mixture of C 4 F 8 , CO, O z and Ar gases as the etching gas to expose 

is the P-SiC film 112, while selectively etching the P-SiO z film 108 to 
• expose the first low-K layer 106. 

Next, as shown in Fig. 6K, the P-SiC film 112 and the second 
low-K layer 110 are selectively etched by using the P-SiN film 116 
as an etching mask and a mixture of N 2 and H 2 gases as an etching 

20 gas, so that interconnection trenches 130 for the upper-level 

interconnection are formed. During this step, the P-Si0 2 film 108 
functions as an etch stop layer. Simultaneously, the first low-K 
layer 106 is etched to form third openings 132A which expose the 
P-SiC film 104 therethrough. 

25 Thereafter, the P-SiC film 104 is selectively etched by using 
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the P-Si0 2 film 108 as an etching mask and a mixture of QF 8 , CO, 
O a and Ar gases as an etching gas, as shown in Fig. 61, whereby 
through-holes 132 are formed which expose the lower-level Cu 
layer 102 therethrough. This step is followed by a wet peeling. 

Then, as shown in Fig. 6M, a Ta layer 134 having a film 
thickness of 50nm is formed on the inner walls of the through-holes 
132 and the interconnection trenches 130 as well as on top of the P- 
SiN film 116, as a barrier metal layer. 

Further, as shown in Fig. 6N, a Cu layer having a lOOnm film 
thickness is deposited by a Cu seed sputtering method, and another 
Cu layer having an SOOnm film thickness is deposited by a plating 
method, thereby forming a Cu layer 136 having a total thickness of 
900nm on the Ta layer 134. 

Thereafter, the Cu layer 136 and subsequently the Ta layer 
134 are polished and removed by a CMP method using colloidal 
silica slurry as the polishing material until the P-SiN film 116 is 
exposed as shown in Fig. 60. Thus, upper-level interconnections 
138 and via plugs 140 connecting the upper-level interconnections 
138 and the lower-level interconnections 102 are formed. 

Third em bodiment 

This embodiment is yet another example of the method of 
manufacturing semiconductor devices according to the present 
invention. Figs. 7A to 7N are sectional views illustrating 
consecutive steps of the process for forming interconnections in 



accordance with the present embodiment. 

In the present embodiment, an insulating film which serves as 
an etch stop layer for etching to form the interconnection trenches is 
formed under the low-K layer as a part of interlevel dielectric films. 

As shown in Fig. 7A, on a Cu layer 142 formed as lower- 
level interconnections, there are consecutively formed by a plasma 
CVD method a P : SiC film 144 having a film thickness of 50nm, a 
P-Si0 2 film 146 having a film thickness of 300nrn as a first 
interlevel dielectric film, and a low-K. layer 148 having a film 
thickness of 300nm as a second interlevel dielectric film. Then, a 
P-SiC film 150, a P-Si0 2 film 152, and a P-SiN film 154 are 
consecutively formed by a plasma CVD method, each having a film 
thickness of 50nm, thereby forming a triple hard mask. 

Next, as shown in Fig. 7B, a first ARC film 156 having a film 
thickness of lOOnm is formed on the P-SiN film 154, followed by 
formation of a photoresist film having a film thickness of 400nm. 
Thereafter, the photoresist film is patterned to form an etching mask 
158 having a through-hole pattern. 

As shown in Fig. 7C, the fist ARC film 156, the P-SiN film 
154 and the P-Si0 2 film 152 are etched by using the etching mask 
158 and a mixture of C 4 F 8 , CO, 0 2 and Ar gases as an etching gas, 
whereby first openings 160 having the same diameter as the 
through-holes are formed on the P-SiC film 150, exposing the P-SiC 
film 150 therethrough. 

As shown in Fig. 7D, the etching mask 158 and the first ARC 
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film 156 are then removed by an 0 2 plasma ashing process, thereby 
exposing the P-SiN film 154. 

Then, as shown in Fig. IE, a second ARC film 162 having a 
film thickness of lOOnm is formed on top of the P-SiN film 116 
while filling openings 122, and further a photoresist film 164 having 
a film thickness 400nm is formed thereon. 

The photoresist film 164 is then patterned to form an etching 
mask 164A having an interconnection trench pattern for the upper- 
level interconnections, as shown in Fig. 7F. In this figure, the 
interconnection trench pattern is shown as misaligned with respect 
to the through-hole pattern to some extent, to illustrate the 
advantageous effect of the invention. 

Thereafter, the second ARC film 162 and the P-SiN film 154 
are selectively etched by using the etching mask 164A and a 
mixture of C 4 F 8 , CO, 0 2 and Ar gases as the etching gas, whereby 
second openings 165 communicating with the first openings 160 are 
formed on the P-SiC film 152, as shown in Fig. 7G. 

The etching mask 164A is then removed by an O z plasma 
ashing process as shown in Fig. 7H, thereby exposing the P-SiN 
film 154. 

As shown in Fig. 71, the P-SiC film 150 is selectively etched 
by using the P-Si0 2 film 152 as an etching mask and a mixture of 
C 4 F 8 , CO, 0 2 and Ar gases as the etching gas, thereby exposing the 
low-K layer 148. 

Then, as shown in Fig. 7J, the P-SiQ 2 film 152, the low-K 



layer 148, and the P-Si0 2 film 146 are selectively etched by using 
the P-SiN film 154 as an etching mask and a mixture of N 2 and H 2 
gases as an etching gas, thereby forming third openings 66 A which 
expose the P-SiC film 144 therethrough. 

As shown in Fig. 7K, the P-SiN film 154 is then used as an 
etching mask to selectively etch the P-SiC film 150 and the P-SiC 
film 144 by using a mixture of C,F 8 , CO, 0 2 and Ar gases as an 
etching gas, whereby through-holes 166 are formed exposing the Cu 
layer 142 therethrough.- 

Next, as shown in Fig. 7L, the low-K layer 148 is etched by 
using the P-SiN film 546 as an etching mask and a mixture of N 2 
and H 2 gases as an etching gas, thereby forming interconnection 
trenches 168 for the upper-level interconnections. During this 
etching, the P-Si0 2 film 146 functions as an etch stop layer. 
Subsequently, a wet peeling is effected. 

Further, as shown in Fig. 7M, a Ta layer 170 having a film 
thickness of 50nm is formed as a barrier metal layer on the inner 
walls of the through-holes 166 and the interconnection trenches 168 
and further on top of the P-SiN film 154. A Cu layer having a film 
thickness of lOOnm is then deposited by a Cu seed sputtering 
method, followed by the deposition of another Cu layer having a 
film thickness of SOOnm by a plating method. Thus, a total of 900- 
nm-thick Cu layer 172 is formed on the Ta layer 170. 

Then, the Cu layer 172 and subsequently the Ta layer 170 are 
polished and removed by a CMP method using a colloidal silica 



slurry as a polishing material until the P-SiN film 154 is exposed as 
shown in Fig. 7N. Thus, upper-level interconnections 174 and via 
plugs 176 connecting the upper-level interconnections 174 to the 
lower-level interconnections 142 are formed. 

In accordance with the present invention, there are 
consecutively formed, on a low-permittivity layer, a first insulating 
hard mask film, a second insulating hard mask film, and a third 
insulating hard mask film. Those insulating hard mask films 
constitute a triple hard mask film, each hard mask film having a 
different etching rate under the same etching conditions. The third 
hard mask film functions as the etching mask for the formation of 
the interconnection trench. The second hard mask film functions 
as an etching mask for the formation of the through-holes. The 
first hard mask film functions a low-permittivity layer protection 
film during the removal of the etching mask used in the formation 
of second openings after the second-opening formation step. 

Accordingly, because of the presence of the first hard mask 
film on the low-permittivity layer during the removal of the etching 
mask used for the formation of the second openings following the 
second-opening formation step, the low-permittivity layer is not 
etched, even if there is a misalignment in the positioning of the 
etching mask. 

Since the above embodiments are described only for 
examples, the present invention is not limited to the above 
embodiments and various modifications or alterations can be easily 
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made therefrom by those skilled in the art without departing from 
the scope of the present invention. 



